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A method for leaching a sulfidic metal concentrate in hydro-
metallurgical production of metal in a leaching process from
which hot water vapor containing off-gas is conducted out
and to which an acid solution warmed up to an elevated
temperature is conducted. The acid solution is warmed up to
an elevated temperature by bringing off-gas of the leaching
step into direct contact with the acid solution.
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1
METHOD FOR LEACHING A SULPHIDIC
METAL CONCENTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a national stage application filed under 35 USC 371
based on International Application No. PCT/F12012/051087,
filed Nov. 7, 2012, and claims priority under 35 USC 119 to
Finnish Patent Application No. FI-20116104, filed Nov. 8,
2011.

FIELD OF THE INVENTION

The invention relates to a method for leaching a sulfidic
metal concentrate in the hydrometallurgical production of
metal.

BACKGROUND OF THE INVENTION

Known from the prior art are methods for leaching a sul-
fidic metal concentrate in a leaching process in hydrometal-
lurgical production of metal. Hot water vapor containing
off-gas is conducted out from the leaching process. On the
other hand, an acid solution warmed up to an elevated tem-
perature is conducted to the process. Such methods are known
for example from patent publications F1100806B, WO 2004/
076698A1 and articles “Outotec Direct Leaching application
in China”, Haakana T., Saxén B., Lehtinen L., Takala H.,
Lahtinen M., Svens K., Ruonala M, Xiao ming; [.ead & Zinc
2008, International Symposium on Lead and Zinc Process-
ing, Durbaan, South Africa, 25-29 Feb. 2008, and “Zinc Plant
Expansion by Outotec Direct Leaching Process”, M.
Lahtinen, K. Svens, T. Haakana, L. Lehtinen, Zinc and Lead
Metallurgy, L. Centomo, M. J. Collins, J. Harlamovs, and J.
Liu, Eds., Canadian Institute of Mining, Metallurgy and
Petroleum (COM2008), Winnipeg, Canada 2008, 167-178,
describing the direct leaching of zinc. Further known from
publication FI 121713 B is a copper leaching method. A
nickel leaching method is known from publication F1 121180
B relating to the leaching of nickel laterite ores.

In the leaching of a sulfidic metal concentrate, the sulfide
leaching process produces exothermic reactions, generating a
considerable amount of heat. This heat is removed from the
leaching step in a hot water vapor containing off-gas. The
off-gases carry out considerable amounts of energy in the
form of water vapor of approximately 100° C. Normally, the
off-gases are conducted to the atmosphere through a gas
scrubber. On the other hand, an acid solution to be fed to the
leaching process is warmed up with vapor produced by oil,
natural gas or other such external heating energy source,
producing great equipment investment costs, energy costs for
the external heating energy and carbon dioxide emissions.

OBIECTIVE OF THE INVENTION

The objective of the invention is to remedy the defects
referred to above.

A particular objective of the invention is to disclose a
method enabling the utilization of thermal energy contained
by hot water vapor contained by oft-gases of the process
produced by exothermic reactions occurring in the leaching
of'a sulfidic metal concentrate to warm up an acid solution to
be conducted to the process.

A further objective of the invention is to disclose a method
enabling a significant reduction in the external energy needed
to warm up the acid solution to be conducted to the process
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and in the energy costs and increase in the energy efficiency
and reduction in the carbon dioxide emissions of the process.

SUMMARY OF THE INVENTION

According to the invention, an acid solution is warmed up
to an elevated temperature by bringing off-gas of a leaching
step into direct contact with the acid solution.

The heat of the hot water vapor contained by the off-gas is
recovered by bringing the off-gas into direct contact with the
acid solution. Thus, there is no use or need for the conven-
tional heat exchangers operated by indirect heat transfer,
which could give rise to the problematic growth of sulfur
compounds contained by the off-gas on cold surfaces. The
advantage of the invention is that the sulfur-containing com-
pounds do not cause any problems. When the off-gas is
brought into direct contact with the acid solution, the hot
water vapor contained by the off-gas condenses onto the
surface of the cooler acid solution according to the liquid-gas
equilibrium. The degree of condensation depends for
example on the equilibrium states of the phases and on the
surface area of the interface between the phases. As the water
condensates, the acid solution dilutes a little bit, but to a very
small degree and does not affect the process. A further advan-
tage of the invention is that the thermal energy contained by
the hot water vapor contained by the off-gases can be recov-
ered so as to be able significantly to reduce the external energy
needed to warm up the acid solution to be conducted to the
process and thereby to be able to reduce the energy costs, so
that the energy efficiency of the process is increased and the
carbon dioxide emissions reduced. The invention is appli-
cable for use in connection with the leaching of any sulfidic
metal concentrate.

In one embodiment of the method, the acid solution is
warmed up by providing it as droplets in the hot off-gas, the
off-gas being present as a continuous phase. By injecting the
acid solution as droplets in the off-gas, it is possible to have a
large heat transfer area and efficient heat transfer.

In one embodiment of the method, the acid solution is
sprayed through a nozzle forming droplets into the off-gas in
a device where the off-gas and the acid solution move against
the flow.

In one embodiment of the method, the off-gas and the acid
solution are brought into mutual contact by an ejector/venturi
technique.

In one embodiment of the method, the acid solution is
warmed up by dispersing the off-gas into the acid solution, the
acid solution being present as a continuous phase.

In one embodiment of the method, the off-gas is dispersed
into a sulfuric acid solution.

In one embodiment of the method, the temperature of the
water vapor in the oft-gas of the leaching step is approxi-
mately 100° C.

In one embodiment of the method, the acid solution is
warmed up to approximately 50 to 80° C. by means of the
off-gas.

In one embodiment of the method, the metal to be leached
is zinc and the acid is a sulfuric acid solution.

In one embodiment of the method, the acid solution to be
warmed up is a return acid obtained from electrolysis.

In one embodiment of the method, the method comprises
leaching in at least one low acid leaching step wherefrom hot
water vapor containing off-gas is conducted out, and thereaf-
ter in at least one high acid leaching step whereto an acid
solution warmed up to an elevated temperature is conducted.
Before being conducted to the high acid leaching step, the
acid solution is warmed up to an elevated temperature by
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bringing off-gas of the low acid leaching step into direct
contact with the acid solution to be conducted to the high acid
leaching step.

LIST OF FIGURES

In the following section, the invention will be described in
detail by means of exemplifying embodiments with reference
to the accompanying drawing in which

FIG. 1 illustrates a block diagram of a process or part of a
process utilizing a first embodiment of the method according
to the invention, and

FIG. 2 illustrates a block diagram of a second embodiment
of the method according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a method for leaching a sulfidic metal
concentrate in a hydrometallurgical leaching process.

In the metal concentrate leaching process, the sulfidic
metal concentrate is leached under acidic and oxidative con-
ditions in atmospheric pressure close to the boiling point of
the solution (~100° C.). The dissolution of metal sulfides
under acidic and oxidative conditions is an exothermic reac-
tion system and produces considerable amounts of energy. In
simplified terms, the reactions can be described as follows: A
trivalent iron (ferric iron) oxidizes metal sulfides:

MeS,y+Fe5(S0,);—>MeSO,+2FeSO,+5°

wherein Me=Zn, Fe, Cu, Co, Ni, Cd, Pb etc.

The divalent iron (ferrous iron) produced in the oxidation
of metal sulfides is oxidized to become trivalent by means of
oxygen gas and sulfuric acid:

2FeS0,+H,S0,+0.50,—Fe,(SO,)3+H,0

The above reactions can also be written out as an overall
reaction:

MeS(,+H,50,+0.50,—>MeSO +H,0+5°

The leaching process includes a slurry-forming step 1, to
which a metal concentrate in a powder or slurry form and an
acid solution warmed up to an elevated temperature are fed
and in which slurry-forming step 1 the metal concentrate is
dispersed in the acid solution to form a suspension. From the
slurry-forming step 1, the suspension of the concentrate and
the acid solution is further conducted to a leaching step 2. In
the leaching step 2, exothermic reactions take place. The heat
generated in the reactions evaporates water which escapes
from the leaching step 2 as a hot water vapor with the oft-
gases. This off-gas/water vapor is conducted to a heat recov-
ery step 3 to warm up the acid solution before conducting it to
the slurry-forming step 1. A part of the off-gases of the leach-
ing step 2 is led to heat recovery 3 and another part directly to
a scrubber past the recovery 3. This distribution of the gas
flow could be controlled on the basis of temperature measure-
ment in the leaching step 2. In the heat recovery step 3, the
acid solution is warmed up to an elevated temperature by
bringing off-gas of the leaching step into direct contact with
the acid solution.

Bringing the off-gas into direct contact with the acid solu-
tion may be effected in many different ways. A large heat
transfer area of the acid solution and the off-gas can be
obtained by injecting the liquid as droplets in the gas or by
distributing the gas in the liquid. The continuous phase can be
either gas or liquid, depending on the case.

For example, the acid solution can be provided as droplets
in the hot off-gas, the off-gas being present as a continuous
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phase. Acid solution can for example be sprayed in the off-gas
through a nozzle forming droplets in a device where the
off-gas and the acid solution move against the flow. It is
further possible to bring the oft-gas and the acid solution into
mutual contact by an ejector/venturi technique. It is further
possible to warm up the acid solution by dispersing the off-
gas in the acid solution, the acid solution being present as a
continuous phase.

FIG. 2 illustrates one example of a sulfidic metal concen-
trate leaching process, here a zinc concentrate direct leaching
process developed by the applicant (Outotec® Zinc Direct
Leaching Process), effected on a counterflow principle. The
method according to the invention is adapted to said process.

The method of FIG. 2 comprises a slurry-forming step 4,
whereto a sulfidic zinc concentrate in a powder or slurry form
and an acid solution warmed up to an elevated temperature are
fed. In the slurry-forming step 4, the zinc concentrate is
dispersed in the acid solution to form a suspension. From the
slurry-forming step 4, the suspension of the acid solution and
the zinc concentrate is conducted to a low acid leaching step
5,to which oxygen is conducted. In the low acid leaching step
5, where most of the dissolution takes place, a large amount of
heat is also produced by virtue of said exothermic reactions.
The heat generated in the reactions evaporates water, which
escapes from the low acid leaching step 5 with the off-gases as
ahot water vapor having a temperature of approximately 100°
C.

Instead of letting this oft-gas go to waste, it is conducted
according to the invention to a heat recovery step 6 to warm up
a return acid obtained from an electrolysis process before
conducting the return acid to a high acid leaching step 7. The
electrolysis takes place at a temperature of below 40° C., so
the temperature of the return acid obtained therefrom is
approximately 35° C. From the low acid leaching step 5, the
suspension is conducted to a first thickening step 8 where the
low acid leaching step continues and wherefrom the thick-
ened slurry is conducted to the high acid leaching step 7.
Off-gases produced in the high acid leaching step 7 are also
conducted to the heat recovery step 6. In the heat recovery
step 6, the return acid solution is warmed up to an elevated
temperature by bringing off-gas of the leaching step into
direct contact with the return acid solution. From the heat
recovery step 6, the off-gases are removed to the atmosphere
through a gas scrubber. In the heat recovery step 6, the return
acid can be warmed up as needed by means of the off-gas to
approximately 50 to 80° C., preferably to 65° C. in the
example process of FIG. 2.

In the heat recovery step 6, the acid solution can for
example be provided as droplets in the hot off-gas, the off-gas
being present as a continuous phase. Acid solution can for
example be sprayed through a nozzle forming droplets in the
off-gas in a device where the off-gas and the acid solution
move against the flow. Further, it is possible to bring the
off-gas and the acid solution into mutual contact by an ejec-
tor/venturi technique. Further, it is possible to warm up the
acid solution by dispersing the off-gas in the acid solution, the
acid solution being present as a continuous phase.

From the high acid leaching step 7, the acid solution is
conducted to a flotation step 9 where floated sulfur is
removed. From the flotation step 9, the acid solution and the
non-floated fraction are further conducted to a second thick-
ening step 10 where lead, silver, jarosite and gypsum are
separated from the acid solution. The acid solution escaping
from the thickening step 10 is warmed up with vapor before
being conducted back to the slurry-forming step 4.

In addition to using off-gases of the low and high acid
leaching steps 5 and 7 to warm up the return acid in the heat



US 9,359,657 B2

5

recovery step 6, the return acid to be conducted to the high
acid leaching step 7 is warmed up further in a heat exchange
step 11, where the return acid is warmed up by an external
energy source. In using off-gas of the low and high acid
leaching steps to warm up the return acid, the heat exchange
step 11 needs significantly less vapor produced by an external
energy source than before.

The invention is not limited merely to the exemplifying
embodiments referred to above; instead, many variations are
possible within the scope of the inventive idea defined by the
claims.

The invention claimed is:

1. A method for leaching a sulfidic metal concentrate in
hydrometallurgical production of metal using a leaching pro-
cess, from which process water vapor containing off-gas is
conducted out and to which process an acid solution warmed
to an elevated temperature is conducted, characterized in that
the acid solution is warmed by bringing off-gas of the leach-
ing process into direct contact with the acid solution.

2. The method according to claim 1, characterized in that
the acid solution is warmed by providing it as droplets in the
off-gas, the off-gas being present as a continuous phase.

3. The method according to claim 2, characterized in that
the acid solution is sprayed in the off-gas through a nozzle
forming droplets in a device where the off-gas and the acid
solution move against a flow.
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4. The method according to claim 2, characterized in that
the off-gas and the acid solution are brought into mutual
contact by an ejector/venturi technique.

5. The method according to claim 1, characterized in that
the acid solution is warmed by dispersing the off-gas in the
acid solution, the acid solution being present as a continuous
phase.

6. The method according to claim 5, characterized in that
the off-gas is dispersed in a sulfuric acid solution.

7. The method according to claim 1, characterized in that
the temperature of the water vapor in the off-gas of the leach-
ing process is approximately 100° C.

8. The method according to claim 1, characterized in that
the acid solution is warmed up to between approximately 50°
C. to approximately 80° C. by means of the off-gas.

9. The method according to claim 1, characterized in that
the metal is zinc and the acid is sulfuric acid.

10. The method according to claim 1, characterized in that
the acid solution is a return acid obtained from electrolysis.

11. The method according to claim 1, characterized in that
the method comprises at least one first acid leaching step from
which water vapor containing off-gas is conducted out, and
thereafter at least one second acid leaching step, where before
being conducted to the second acid leaching step, the acid
solution is warmed by bringing off-gas of the first acid leach-
ing step into direct contact with the acid solution to be con-
ducted to the second acid leaching step.
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